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1. INTRODUCTION

A low energy proton spectrometer (LEPS) was flown on the Air Force

S3-2 polar orbiting satellite to observe primarily the trapped protons

in tile 0.1 to b MeV energy range (Pantazis et al., 1975). In the polar

regions, which usually showed low proton fluxes, the LEPS recorded high

counts in a single direction below the satellite horizon over the course

of the five-month operational period. The same pattern of observations

can be seen in the work of Imhof et at. (1974), where a Ge(Li) spectro-

meter was used to observe bremsstrahtung X-rays from the auroral zones.

Although the LEPS is theoretically inefficient in detecting X-rays, in

this report we contend that it is the X-ray aurora that best explains

qualitatively the dominant feature of the LEPS polar observations.

During the last decade several researchers have correlated observed

electron cpectra with observed X-ray spectra in the auroral zones. In

s,,h research, bremsstrahlung X-ray measurements provide a broader pic-

Lure of the auroral zones than the more spatially limited electron ob-

servations. This report offers qualitative observational information

on the subject of the correlation between precipitating electrons and

the emerging bremsstrahlung X-rays as observed by detectors on the S3-2

. . tel ' i .

The Air Force S3-2 satellite was launched December 5, 1975 into

: poar orbit in the noon-midnight meridian with an apogee of 1540 km,

perigee of 230 km, inclination of 96.3 degrees, and a period of 1.71

hours. The a,.::ending node was on the nighttime equator. The satellite

Pin ,,ri,,d was aoproximately 18.5 seconds, with the spin axis perpen-

dicular to the orbital plane.

T',, I PS provided useful proton observations in the trapping and

prtcip iating latitudes during the operational period from launch,

December 1975 to May i 0 1 6. However, in the polar regions, here defined

as poleuard of the precipitating regions, although evidence of any

-;olar proton fluxes is sparse and restricted to solar active periods,

the ,hsrvatlon of varving high counts from a sin, le preferred direc-

tior. be!,,w the Patellito horizon persists throughout the five month

neriod. This report explains that these anomalous polar observations
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are the result of electromagnetic radiation, naiinely, bremsstrahlung X-

rays originating in the auroral zones.

The following section gives a (description of tile I.FP! polar obser-

vations. Since the most statistically signi ficant counts are contained

in the first energy channel (100 t 20 keV) . we will concentrate on that

energy channel. Usually, only the first six channels have statistically

significant counts (82 keV F-E 680 key). Evidence that the observ~i-

tions must be due to the electromagnetic radiation necessitates the

evaluation of the finite sensitivity of the LFEPS to X-rays in the hon-

dred keV energy range. Analysis of the observation,, will then give Con-

firmation that X-ray aurorae and not solar particles, per se, are what

were observed. Because of the low efficiency of this detector to X-

rays, however, only qual itativye, order of masiit udc concl1us ions tn

these polar observations of t hc X-ray atiroracv can he miade.

2. OBSERVATIONS

From roughly 1100 S3-2 data tapes processed by thLe Air Force (GeLO-

physics Lab. , 245 tapes, each containing a partial or fuill orb it duir ug

the 10 December 1975 to 26 April 19)76 operational period tor the LEPS,

have been further processed. Figulre 1 shows a tvpical data record of

the spin-modulated counting rates Plotted as a' function of time for a

northern hemisphere pass in the 1001 keV energy channel of thle LEPS.

Night and day trapping, precipitat ing ndi polar regions are inlliCated

in the figure. This pass shows ai !nymmetry In the polar ofbservat ions

between night and day . In thle northbern hemisphere, orb it I passe."

during the time interval of 18 to 2/4 hours UT lel1 close oit) lie iid-

night-noon magnetic meridian. Orbital passes outside of 1his universal

t ime interval fell toward the even ing sect or awayv from t hi mi dni ght -

noon magnet ic Merdian. S vrime trv, of the polar obse rva t io'Is in palssing,

from thle night to day, ;i d of thy twigfiet ic polle corre iat es well wi th the

clIosefless of the orbit to tile midn ight-noon magnetic mcr li ian. In conl-

trast to the data shown in Figure 1, the dlynamic range of the polar

couints is demonstrated by the April 17/, 1976 polar pan;s (,-I Fig". 2)

wh i ch shows m Iiii ma 1 (near zeroi c ount! s dur i ns, the t ime of very. low



magnet ic act ivi ty (K p 2) I n generalI a correlIat ion OX i Sted betwee.,n

tire magnitde of the polar counts alld the magn it ide of the p lanta rv

magnet it- three-hour-range ind(1cc';, K p, rep rodurced in F i grirc 3 for t ht

y ie mnth period under conisid erat ion. Ini their recenjt work, I mhof k't :ii

(19Y80) present ovidence that the 14 cA 1 1 isk secto(-r experienceS thre More

iltense e lect ron prec ipi tat ion,* ;r od hence X- ray b rest rab lung, c'ompa red

to any other 1local geomagnet ic t ime region . The S 3-2 LEPS north pola r

ob-servat ions during the five months observing period tend to add evi-

dence tO this case. The S3-2 orb it d(Id not traverse the northern dawn

sector. Bu~t tire comparison of the polar observat ions from orbits over

late night to late morning vs. early evening to noon show that the dusk

sec tor gives the relatively higher counts (proportional to the Kp of

the t ime).

1 n Figure 4, a plot of thle range in invariant latitude,* local geo-

mlagnIetic time Covered by the satellite's north polar orbits is demon-

st rated. r[he 9 h ± 3h1 UT pass represents one extreme where the orbit

A'';alIong the dusk s ide over tire airroralI ova] . The 21 h ± 3l1 UT pass

gives.- the other ext reme where a late evening to late morning crossing

over the an rora I ova) is made. orb its at other universal times lie in

beti.''40 these, extremes. Approximate invariant lintiturde and local goo-

1IMrintt it' t ime I for any of tihe counts vs. time plots, given its universa

t 114I, b'o _,b r':rd off tihe aurorail oval nomographr of Figure 4.

Figure 5 g ives a representative selection of tilet- a tar from the

IIoI'-01 polar regio)n for tihe five month period. For arctivye to quiet

Irrlagr:w' ic Kp i udt ics, columnrn A Iieionstr;ites tit(e data for tire dusk s;ide

11lO;S ;111ad C01111110 11 for the Liate L'C eni ng to late morning passe,"'

Flit, 4Irilts,/SOCOrInd over a single I 8-seconi '.'pin period in tire pol.-r

:;hoo 0)4w ;1,1 ;rs~nrrel rir' diist i'ibtit ion with a porsi-,tent single enha-nced

pea (ci . prijot plot , Fiiirr 101) i n 44)41 r:st41 monoener(11get i c beam of

ch1:1r go4d -part i e i rai ia t ion1 in t h' presto'm'. of- a magnet i- f Iie'ld and(

hcnc'' i, -pi ral ing p~art i cl's, l. showrs ;I4 a 4t)rbler peak of otL11rl nt ens it v

to) -' dris' t o 0'view inig ;ir r tindir i f lane (ci . F i gtre 6) , 'lie sp i r~i I i ng

chrargel 1:141 jat i(Irl w4)rildl give eqopril ititterisit v peaiks ;it pi41tchi angle.

Althighri'i thle i.IP5 1,4 r oIs'viIons ls, i 1 co' n)1):1 t wo peaks with in



a single spin, they arc neither of- equial I LIties i tY no r n pa rated by

pitch angle. The peaks occur at p i t cl augl1es fl -)M'I an 1 +11(1'' il thbe

north night and day, respecti ye iv, and at p itcb aug Vls of -80'' an0 +70)

in the south night and day, respectively. Al thouigh this is a dific rilce

of only 10" , nevertheless the argument for a s inglIe peak is co rrot ori I *

from the strong connection of the 1look iirec t ion angle ofit' the peak t

the geometrical locat ion of the aurora I zone. ''l is w i I I ic epIaini

more fully in a later suct ion. -Tits , the' ''vid(eili is tl na the peak oh-

servat ion is not Of charged part i cles, i . e., Protons or e Ico'trols , hkit

rather, is from viewing two discrete son reeLs of leIct roma ',le tic rad ia-

tion at two different directions.

3. DETECTOR SENSITIVITY

The LEPS was designed to detect and anlyze, priitons i ii t he 0. 11

6 MeV energy range. [rWe total lv depleted Si (ii) itirfao' )a rr ik.T- dct I-

tors were used in an anticoinoidence mnode. FullI desc r ip1tion of tihe in-

strument can be found in Pantazis et al. (197L), 11ab1le I give s tilt:

energies of the eleven channels of tile LEPS. Vhe widte cin 'IC (/i6 ) ,11",

instrument on the S3-2 satellite gave' Useful protonl obse r at ions, il I ho

high flux, trapping and precipitating regions duirinig the lyev monthi

operational period . The anomalouIs sing IL pe-ak obscirva t o is ill tile po ti r

regions raise the qutest ion of the ;ensi tiv itv (if thte U~tPS to X-ravs.

An incident X-ray c'an generate ;iil e lec tron ic ita rgit i the dei c-t,-

tor's sensitive volume in titrevence rgv-depe-nderl t way s: 11"' the phiot o-

electric effect , by the Compt on effect , and b%, T1a i rc otictin '

fact that pai r-procluc tion occurs above I . I MeV , witerc ie I ITS inl tilii'

polar regions sees no count-;, makes, i t UTIniecCZ M% tsacvo C0on t i r it ter

Figure 7 shows the percent (4 ff i en(' v to charge gi lieri I iomi t roth Ito'v

photoelectric and Compton it tects in the '1ii si I iron r iout tIoct kor'.

These~ curves are' comput ttd front the t ratmi ss ionl inpiqtt ill

N Not, iI

where No nuitmbe-r of inc idenlt pihotoins at ai palt I iiitic i trg% *

N = ntimbe r of t r;ini it ted p11111 ('11



j] = abs or p t ion coe f f i c lent in s ii1iicon f or part ic en ar enlergyI

x = thickness of s-itIiconl

It can be seen that the LEPS i-s about an order of magn itude more

senstiveto electron charge generation by Compton scattered electron.,-

than by pho toe lec t rons at 100 keV. At higher energies the photoe lec tric

etlet i a uchles e-ic lent source of electron eer.t Lion. Conl-

seqUent iv charge in thle front dietec tor , pr imaril (ilY du to Comp ton

scat tered electrons f rom an incident X-ray source, would give pulses or

counts in the 1010 keV to 6 MeV energy channels. Clear]),, the LEPS is

not i uIMune to X- rays . InI fact , in a space region devoid of protons , an

X-rayI\ F IL oxcould a1ccount for a significant count ing rate by Compton

scat ter ing a:OIL on

4. ANALYSIS

The source' Of the( single peak polar observation will he explored and

d is cissed in th~is. section. For a detai led analysis we have selected the

data- acqUiredl during a north polar pass in a magnetically active time.

TII'a iIMe con ( s id(e('ra;It i Ons a nd resulIts to be expressed he re apply, in form,

to ; ill the pol Iar regions both north and south during the five month

pc r i d

lilt he sillgIc peak Obse rva tion byv the LEPS when inl the polar region

5S 131t dO to al :;ource local to the sateli ite . Pro tons cannot be aI

local source for two reasons. First, another experiment oniboard the

sa; me S3-2 -:1itcllIit e shlowed that the p roton fl1ux, sp'c ifi cal ly at 100 key

in th,' plIki roe, i n was, at hackground leVel Wi th no preferential pitch

amepeaik (A. L. Vampo In, privaite communication) . Second, as stated

ea-rl j cl, ;Iprotonl I lux aIt any one energy and a prefer-red direction would slhow

at cas;Vt a double' peak of cipia intensity at p itchi aIngIes-, The

I;Wt that the I-TS efficilent ly an1d atccurately observed the proton f lux

out sIde the poklir reg ion is re(ason enough that any proton fluox ith in

ttpolar r g ion wou ld a0!so h see

I. lwise, elct ron!s c.in he ruled owt as- a local okirc(, of the, lEPS

s inpIe-pcik pol ir oho(rvait ions, -- oitluer Ii rect 1% Or as' a soulrce( oIf loCal1

brstmulug, DIi rct Ivx, t11n tP1S is, imuu o eigeecvosb



being equipped with a 1400 gauss sweeping magnet. This magnet i

shielding efficiently swept away electrons up to 600 keV in the high flux

trapping region, i.e., the trapped proton observa|t ionls by the LEPS were

uncontaminated by electron counts. l.ocal bremsstrahlung cannot be a

source of the single peak for two reasons. First the energ;etit Clet( t vo

flux seen by another experiment olnboard the same S3-2 so tcllit-c (A.I,. ,ip

private communication), while in the polar region, was at a low level.

Second, if the LEPS were sensitive to local bremsstralilng generated by

the low-level electron flux despite the reasonably adequate shielding of

the LEPS, then presumably the observation would be more or less omni-

directional and not at the single significant direction. Furthermore,

the same sensitivity would be apparent in the trapped radiation regions

where there are large fluxes of trapped electrons. The single preferred

(consistently recurrent) direction of the polar observation is in fact

explained in the following text by a source remote to the satellite,

namely, the X-ray aurora.

It is known that the aurora] zone emits X-rays isotropically by

the bremsstrahlung process due to precipitating electrons incident on

the atmosphere at approximately 100 km altitude. 'ht, single peak ob-

served by the LEPS in the polar region is evidence of its sensitivity

to electromagnetic radiation in the X-ray (100 keV) energies; the pre-

ferred direction of this single peak observed from various orbital

vantage points is precisely the direction of the aurora.

Because of the extreme magnetic activity, we analyze in detail

tht, data of orbit 1569 on March 26, 1976, 9 ) UT in the following di,-

cussion (cf. Figure 8). Figure 9 shows to scale, ill Hit. orbitiin,,, pkiw,

the north polar pass of the orbit P569. The loo0k ngl i, from the loval

nadir at which the single peak is seeni is portraved from four orbital

vantage points (a,b,cd). Figure 10 shows the 100 keV observations

during a single spin corresponding to the four vanta g' points .ttere,

pitch 'ingles are given.

As the satellite passes in the nig'ht side, 1-roml south f l. t1e iliri

where the peak occurs at look single 4-, oft the miiil -r lit, north ()I

tho aurra where thi pe;k is s, i; -( ut t, the o ili, the .ing, i , ot

tilt pei;k might b U X C'J te! to, nl'\,f, tlvenish zit o ,,l, rt't: ./Iowll 0, v t w i

th., ILIPS ;ip( rtiir , .'.h' i o .i i t ', 6 1 il:r- ,t i. l, 1p1)p r(, la.nik,

t)!



arei of the aurora is, tn view wwn lvtrhIenid than wine ii~. ii iy t i ir:,,i.

wheei Ltt, an rorai i.s vi ewed pe rpend ic~ Jn ir I t ij)jrcdtA ) o1" 1ear l: 1,[ ,-)

Latl t O its- a real, a dee'reaPS ini X-ray, iIt ensit tv grv',2 tr LtIhan ai .. ,e

oi magni tude occurs. This effect is pres .'nted in detail hv the- reccut

work of Walt et al. (1979) who shIow that hre'msstraIilQ1'mg X-ravs teseapoe

the :HtrOCul I xone prefereut in lII V AL nflr', (' ; litr Lhe. hor i Atntv Im,

th is C Ft CC' t iS M Ior0 p~ro)II0(c 11ed f or Lte 11i :j it r photo 10L rer ''e .S. AL

vantage point c (of . Figure 9) , the days id e peak has increased to a

brigh tnes,., equal to the decreas ing 0 ightside peak. As the satellite

moves on to vantage point d, the look angle tends to move slightly

closer to the nadir (front +650 now to +00') before the single peak is

covered by -1Le p reci p itat inrg and t rapping proton fluxes.

The auroralI zone is Ioc.A Led wi thiin the field of view of thle 460

ape r ture of the LEPS when po intling at these look augl1es bo th for the

iiigi t aund days ide anirorae. Co rrobora tion of this fac-t is obtained from

the io(tet i on2 of the pree ip i tat ing electron regions given hv, two Oect ron

expe-riments, ori hoard the samne S3-'- satellite for the same March 26, 1976)

or i'aI an a well as, from a DMSP phiotog,,raphi of tile Visible aurora1;I

FL ct-ron ohiserva t ions in the 36 to 31 7 kcV ene rgy range (A.LI. \'ampo I n, pr i-

va te commlun ication) l ocate( the prec ip itat ing , and conseq uenitly auroral1

region hot weeni 49 to 610 ma);gnetic latitude. Observaittons from an eec-

ret, se(.nsor in) Che 80) eV to 17 ke(V energy range (R. \!ancour , pri \'itke

tii:-it ion) loaethe precipi tatinag region betwe'en 520 and 600 mac -

lit L( ItIa t i t ridet, The l)MSP pho tog raph (cf .Figure 11) of the visible

inrora ft iii an utrb i L.i pass crossing the sazme nigihttinme auroral area a

the S'3-) s atelli te nndti just 25 minutes after the S3-2 pass puits the

eq iiitorwa rI edge of t to hri ght eon tinuons auirora at a correc ted gee0-

liS,I~eti I t i tude (If )8'. Br i ght (discrete ares. and hainds are ohs-ervo.d

It 'Va rd to t,' Tht 'le sudden coimencemen t otf thle ma ttr goomagneti

5tirnhiegan atc f)133 lTr. The Apt va lue reached I 38, mnik i vi it the, fifth

lit Ighest value of the 201th sol~i atcvoit. 'The p1 ;irietn\ milgt't ii three-

hiir-raing iriuox, Kp , for thi.is da-ti rema ined htigh for 2', hittrs . '['lle

('arthI't; ptti ir ('a) itnderwenit ;a very- argt' exltilttti, hthwi, thIns Stei'.

lit Figure, t., horh the 1- ;ind IIMSP ttrbi t; aire plootte d )t the lr'r



oval nomograph (Wici en, 1 970) for thle l argest poltar ca p ex pansioan

given for a complete ovalI (Q=7) . The di iscrCte arcs and hr iglitI continuous aurora have been sketce d inl from (lit phoatog raph to show

that for this storm the auroral ova I has expanded evenl mart' than

indicated in the nomograph.

We have at temp ted to compute a pred ic('td bretis"t ralIung \:-raiy

flux at the LEPS aperture given) the observed pre i p it at inay, c (-Lran)l

flux. The observed count ra'V for the point tide.r stLadyv is 1 0' t. ts/ser,.

This occurs at altitude N,900 kin, magnetic Lliu ad ' 70 , and I''I 9

An arrow on Figure 8 points out thte time uinder stutdy aor thte fa(rthI-

coming comparison of observed vs. predicted count ratte at the [JPS.

A "best case" approach in estimating the coif i gitra t ion of th UP JtS

with respect to the auroral IZ01te is taken int orde-r to maximlize. tilt.

pred ic ted count rate resulIt. Referring ti I' ii~nrc I I, the opelti n,.

angle of the LEPS is 46' and the a ubitcnde'd .irk- i

2r s in 1 ) = )(2886 kinj) a; inj 1 23
2

=2255 km,

assuming the satLel IiteO is 26" polIe(waird 1 tO011it tie :lVe a ,1 at i tilde aI)

the aurora. From the S3-2 e lec trita (Liti (d a) \'aj'a (pr-ivait tath1tin-

ication) the extent of the preipir tt in) ziota is Iipoiitl I)

in latitude or 16(05 km. T'huis, the em it I in hr VO [tiflht is 225') km 1 166 km

16 2. 
d3.75 x 10 c1111 hased ott tite e Iet:Liton abah, itjil I tt ti d I I Itk

f lux of pretc ipi tat i ag elect rons ovet' Lhi a zo'riIilit is, 'aI tuek

average, 3.5 x 10 6e Iec (rolIS/'ill 2- ;(, . From (it- .rea ill vijew ti the

LEPS, the total electron f lux is{ 'I 1 I. 3 ItH) 1 ic itt l acII(W sc. lTe

total area A, of a sphere- tea tered o Othe llrtor;ll I;rt'.i a1111 1hay ii;' a

radius equal to the satellite d istaince aa ia; 1.0 It tin 18 l".'[This,
5 '1-,r p c di t i lt ocit/A = 1.25 x 10 electrons/cm'-See . M. ;l:;tIll'i iao olt st bi tt

of the brexsstrahltung flIux and f tirt lier tIt ci C),I CIt'h ;Itma( is 1 11r i ,;k i rp 1ai

(j us tiiied because of the h ighi (100 keV ) ('tiery'. eons ide rid iloni, w i th

the very small residual atmosphere between 100 kmi ind the satel]lit e

altitude). In order to abtaiii the bremsstraht ltng, f lix at thle detet' tr

we use the numbers calculated by Blerger atld Sk'It Zt'r ([972), :'(K)/.1.o kcVV-

the differentiLal bremsstraliulotg I lax per tiit i i),t idetit elect ran itiri'tt

anti multiply by the above comtpuited lai o r I2 10 Hi 'le t'-ft Id it



(11c rg y ob)ta . d I 14411 I l t c tc t roil (LitI i s l;i r,iti> I. c I v 'dt k\

Thu,, 1(K )/,I ke\' I i I t (r(n t ja I I is / 0 1 ti t 4. I 1 br1em~s.t i

co mt til ied for t1)4 1 001 kc\ (A.F /41 ktA) ch1it it I -I t b~it,, ~ i

7 x It) 1 - plio to -Iis - SI. 5 - 1 t tro,-n-sk,11
tiCo. t onske\'

110Forr i ng to V ig'trt, 7 shiows ti11.1 ti0142 XJieCC ted pcenV1t C1 tic nC'.ClC

o1f t he tUtPS to 100tt ke\' tilotoel etJr-ots is only 0.271. (A laboratory

cai I i lit Lioil ot tlie LEPS IFor- i t SSCInS itL iv i t y o X ra\, s Was notL per fo rmeid

the ] 1)a Ipredj te' d photon counit s/Sec for this dalte Of in"terest is

7.2 x 0.27, 0.0144.

iTus t ie re ex is t. s aI sgreatI d isc reipancy be twe~en the p red i cted value of

;rox i t il 102 c ts /sc and the observed va Pie of approximate] v

5. ONCtU'Stt)ON

!lt twSlll has5 shtown tha t tile iE11S i5 cols iderablv more sensitive

to X-ray'-; ti Ia ill it ia11 iiyi-Cd i cted.

A\10 III-ib, Itrelol r Itlis discrepanccy cold bet that the Berger

aill(t Se I I-cr cailcuti t ion asstlliis a s impl e expoilentia I spec trunt for

tit. prec ipL at 1118 elct rons. SomeW aCttMaI meadsuremenCIts, however, sho0w

.1 two (or- more1) tomipolelt ('eltrn spectrumt whic~Pbh pbby re511 ts

ill i Iii Hit'r \-rtiv tprtic t lolln Al so, this iris t rltient was not

c liulk IVcilibitlted for N--rays; prior to Lliich. Thlere may he inheIrentI

lb hiair;~lIc teril 511 that nIsl It ill a tigl ' tlall expectedl count-inig

ra te by X-cald iation. Comtpt on scaitter iris, ill i llt' detector1 Illight WellI

he :I Siiourcc'it o 0I 0 4)) t ii toills ailtl l ilUP ill tile various1 enferll8

cIllllwh I, bitt thits ill itse It dOes nlot reso'lve t1lt d isCrepallNc'. fT'

1;l1( tha tlt tiS iillli U-" Siigil at I liis kirHtV,c -1- 2 x 10 4 tS/sk-c

ill t ll Ill ot- dillI ir ettIill w ianIIit at tcm ion1 llt II's i )'liiu ;iand opera i ng

ally dtct ors -; 11imi a r in ii's ig~n aild elit~t rttct-i Lo1 tiittt LETS and

ot-ler in t) hem lin -m n' ni jli con i i gutaIionl s tit)I ar t 0 that of

l IIv , Iii he 14I 'Iit i vi I' %,c ,r t 1 1inl 10,1 I1t1 il n It i i ,(tt I\, of t it f [i t



months observations are: the single high peak is always seen in theC

auroral zone direction; the peak is more intense the );reatLr the Kp

index, and the dynamic r;nge of auroral X-ravs of four or five orders

of magnitude found in other auroral X-ray studies seems to he found in

these observations.

6. ACKNOWLEDGEMENTS

Special thanks are given to D.F. Smart and M.A. Shea of AF(;L

for their direction and advice during the course of this research;

to W.J. Burke of AFGL for valuable improvements and conment;; to

E.G. Holeman of Emanuel College Physics Research for his essential

contribution to the data reduction, and to Professor M.P. Hagan

for her continuous support throughout the research.

13V



B~erger , M.J. and S.M . Sel1tzer , Bremsst rahl Ling in UL ainsplere , .

Atn!Ls-. Terr. Phys., 34, 85, 1972.

Imhof,* I1.. IZ. K iiner, C .1. Nakano , and J . I. waan, Sate Ili te N

maip inls of spora-dic aufroraZ] z'oiio -] -(,ron ;rcc tte vnt

in the localI dusk sec tor, J-. Geopiiys. -Ren. , 85, 3347, 1980.

Imholf, W.L. , G.H. Nakano, R.G. Johnson, and J.IB. Reagan, Satellite ob-

servations of bremsstrahlung f-rom widespread energetic electron

precipitation events, J. Geophys._Res., 79, 565, 1974.

Pantazis, J., A. Huber, and M.P. Hagan, Design of a low energy proton

spec trometer, AFCRL-TR-75-0637, Final Report, Contract No.

El 9628-7 l-C-0060, December 1975.

Wait, M., [11- Newkirk, zind) W.E. Francis, IVremss trah lung produced by

p~recipi tating electrons, J. Geophyvs. ReS. , 84, 967, 1979.

Wha I ii , J .A\., Auirora I ova i plot ter and nomograph for deCtermi ning cor-

ret ted ,,eomagie t ic Iocal time, latitude, and longitude for high

I at ituleS in the northern hiemisphere, AF~CR,-70--0422, Environ-

mental Research Papers, No. 327, Julyv 1970.

4



LIST OF F IGURES

Figure I Typical data record ii fur trni etm i split re '-iii ii t he

anomalous si ngl e peLak in t he po I ir rig ion. Theo peak is;

seen once per 18 se-cond sp i n I ron aI LIi ret' t i on Ie loW tli

satellite's local horiz~on. 'The niight peak at a pirt ici-

Sa r pi tch angle dec reasee; as II polot is approache-d, ind

the dav peak ;'t a di ffe'rent pi tch angle- increases; i'; the-

satell ite t receLde-, I rti thi pot'.

Figure 2. Polar peak virtually disappears, huiring. this t ime Ot low

magnetic activity (Kp =2-).

Figure 3. Planetary magnetic three-hour-range nd ices-, December In,.

1975 to April 29, 1976.

Figure 4. Projection of north polar pass of satellite orbit,;

on an invariant latitude, magntic~k local t ime d iagrtam.

Figure 5. Comparison of polar peak ohservtion-s from) dusk siute

(col . A) with midnight-noon passes (col . Bi) for highi to

low Kp index.

Figure 6. A monoenerget ic beam of spirailing charged pat c erdi -

at ion having particle vel oc ity v wonuld hb' ibsoiVed At

tH pitch angle with respect to magnetic I ic id lin' Ii i~v

a detector spinning in a plane.

Figure 7. Theoretical perienit oif X-riivs, ;ihsourbc' in i00 i IHicon

( LEPS front do-tector) doe. to lphotii'ieit r i nd Compiltoni

ufl feet s.

Figure 8. Tlie anoma I outs polar peak reaches, ain i iOtei it Y ut .' x 10!

counts/',;ec oin this north polar psMarch .6, 1970i. K,1

8- ITfl



I I Iia ir I olir I II rr;(nlIg tA ourIA

Va:I IIt ta, i , A a)1 t A to li ,I r. 'i ( I l',, c , (I) -111d ,, c I '. ' f rio'

data of F igure I',. Peik a lwav! appear-, in the direct ion

of the, it igh t or dIrv atirora .

Fg ItCI. DMSP) '-It I itA. imlage Of LIt' ViSifblC Iliglittiht continulous

;I I r -1ri , o)I Is di SCr e-tte ir c- ald hanTid ; obs-erved on March " 0

1 1) it, . A i I 1.- riti~.o al (orc inatte grid It 100 kmn

,I I i t tidto (liVer laxV'; th it'Image(-. The' sa ielII i te sutiltrack is

,,lIijwi I '.'I d. I,;lI, d v cr t i c-a I line . Tne crossing of the,

equotorward A l f thIn a-iri occurred at 925 11T'. T1711

,snst t Arm I ia tr I les at tin, lef t oIf the imiage .

F igre- I. S 1-.' anII d l)MS1),I' ( A,' I re. rac k!; 'lo A)t ted o n i nva r IanIt I at

t tint, , I oca I y'iomiIignt A,' t i me autro ra I ovalI nonog ra 1 1 fo r

r,1)( ,6 PI /1, tUT A". the image (if the aurora f rom

Iiur I ha,; hooit ske cited iti

Iiic1 3. 'Vit IlEPS, ait '88(l kin away, wi th :mn ;ipertIr 10t '4 0) V IeWs

,In ;iujri'r~i I ir(-;i I -' x to) , kv, > l' *2' ki.



'able I lntvrgi ..s (McV) ul 11-PS (hannoI

Channel 1 2 3 4 5 / 8 9 10 H

High energycut off .123 .165 .332 .345 .477 . h8 .i. 48 4 4 2.0'8 0.9), 18

17



TRAPPED POLAR POLAR TRAPPED
PRECIPITATING PRECIPITATING

du in 1 . iec spi pe ii*

I I



CD

(D
CDQ C-

*l.

CM N

0 t .

:D cr-

:0

31V8h Z~o



I::-OIL-.z

.10,



9hr ±3hr UT

18 06

MA 80I0OALTM

1 NV. r 4



UT~O8OO Kp~8+ UT'-2400 Kp4+

T.I

~~~LlTII,.Il I I*1 I.

I II,

UT'-1600 Kp~5+ UT'1900 Kp~4+

.iilI, 11111
:1

1'',: :1

~IjTIi~

II, f 'I

I III I

UT-~-I3?O Kp=3- UT-'1830 Kp~2-

III
'I ~l!iIIlI~ I,

II I'

I,.,,
I ,1* I
I. *.

I Iliri \

I ''II?~

........................-. -



.00

/2



10'1 _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _

Ntrans -No e -UX

PHOTOELECTRIC a COMPTON
100

10-I

m
0
cl) PHOTOELECTRIC

-0 20 I 0

10- PERCENT ABSORBED IN 3 00p~ Si

100 200 300 400 500 600

keV PHOTONS

itj r 7



UT 0900 Kp=8-

iii

1 C YC! I I)' ,



00(

LaO

4 Lf)

0-

(9O((D

ww

0cIj 0
0o (D
U--

-o5*'0

440

CC

0Q

2)



0 0

. w

.. .. . . . .

CL)

o 0 0 00

. . . . . . . . .. .. . . . . .. . .. . . . . .. . . . .

D ....... .... ...
* 10 N- 0 410 -

.. ... .... .....0. .... ... I 0 0. . .. .... ...0. ....I 0 .. 0

to K)

. a.

IiI 1 - 0 1 1

4' 10W- 0 N0
0 0 0 0 0 0 0 0 0

ON033S /SlNno10

27



4-

/

B

i a.>

B

S

.~, 'A

-U

SI' .'~'' . U

* S
a

I. U

* 'I ~ '
'- "- V



ODw
00

op

N C



00

_ OD

OD




